In this paper, we study a system of nonlinear Riemann-Liouville fractional ordinary differential equations with parameters, subject to coupled multi-point boundary conditions which contain fractional derivatives. By using some properties of the associated Green's functions and the Guo-Krasnosel'skii fixed point theorem, we prove the existence of positive solutions for this problem when the parameters belong to various intervals. Then, we present sufficient conditions for the nonexistence of positive solutions.
Introduction
We consider the system of nonlinear ordinary fractional differential equations for all = 1, … , ( ∈ ℕ), 0 < 1 < ⋯ < ≤ 1, , > 0, and 0+ denotes the Riemann-Liouville derivative of order (for = , , 1 , 2 , 1 , 2 ). Under some assumptions on the nonnegative functions and , we present intervals for the parameters and such that positive solutions
of (S)-(BC) exist. By a positive solution of problem (S)-(BC)
we mean a pair of functions ( , ) ∈ ( ([0,1]), [0, ∞))) 2 satisfying ( ) and ( ), with ( ) > 0 for all ∈ (0,1] or ( ) > 0 for all ∈ (0,1] . The nonexistence of positive solutions for (S)-(BC) is also investigated. The system (S) without parameters , with the boundary conditions (BC) was investigated in [1] , where f and g are non-singular or singular functions. The existence of positive solutions of the system (S) without parameters subject to the uncoupled multi-point boundary conditions , was studied in [2] , [3] . For other papers which investigate the existence, nonexistence and multiplicity of positive solutions for systems of fractional differential equations with nonnegative or sign-changing nonlinearities, subject to various nonlocal boundary conditions we mention [4] - [12] . Fractional differential equations describe many phenomena in several fields of engineering and scientific disciplines such as physics, biophysics, chemistry, biology (for example, the primary infection with HIV), economics, control theory, signal and image processing, thermoelasticity, aerodynamics, viscoelasticity, electromagnetics and rheology (see [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] ). Fractional differential equations are also regarded as a better tool for the description of hereditary properties of various materials and processes than the corresponding integer order differential equations.
The paper is organized as follows. In Section 2, we present some auxiliary results which investigate a nonlocal boundary value problem for fractional differential equations, and we give the properties of the Green functions associated to our problem. Section 3 contains the existence and nonexistence results for the positive solutions of problem (S)-(BC). In the proof of our main existence theorems we use the Guo-Krasnosel'skii fixed point theorem (see [29] ). Finally, in Section 4, an example is given to support the new results.
Auxiliary Results
In this section we present some auxiliary results from [1] that will be used to prove our main theorems. We consider the fractional differential system { 0+ ( ) + ( ) = 0, ∈ (0,1),
with the coupled multi-point boundary conditions (BC), where , ∈ ℝ, ∈ (
, , ∈ ℝ for all = 1, … , ( ∈ ℕ), 0 < 1 < ⋯ < ≤ 1, , ∈ ℝ for all = 1, … , ( ∈ ℕ), 0 < 1 < ⋯ < ≤ 1, and , : (0,1) → ℝ are continuous functions.
We denote by Δ the constant
).
(2)
is solution of problem (1)-(BC), where 
In the proof of our main existence results we will use the Guo-Krasnosel'skii fixed point theorem presented below (see [29] ). Theorem 2.1 Let X be a Banach space and let ⊂ be a cone in X. Assume Then A has a fixed point in ∩ (Ω 2 ̅̅̅̅ ∖ Ω 1 ).
Main Results
In this section we give first some sufficient conditions on , , and such that positive solutions with respect to a cone for our problem (S)-(BC) exist.
We present now the assumptions that we will use in the sequel.
≥ 0 for all = 1, … , ( ∈ ℕ), 0 < 1 < ⋯ < ≤ 1, , > 0 and Δ > 0 (given by (2)).
(H2) The functions , : ( , , ) + .
In the definitions of the extreme limits above the variables u and v are nonnegative. By using Lemma 2.1, a solution of the following nonlinear system of integral equations Proof. We consider the above cone ⊂ and the operators 1 , 2 and Q. Because the proofs of the above cases are similar, in what follows we will prove one of them, namely Case 3). So, we suppose 0 = 0 and 0 , ∞ , ∞ ∈ (0, ∞). Let ∈ ( 1 , 2 ′ ) and ∈ ( 3 , ∞). We choose ̃3 ∈ (0, 1 − 0 ) and 
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By using (H2) and the definitions of 0 and 0 , we deduce that there exists 1 Then by Lemma 2.3, we conclude
In a similar manner, we conclude
Hence, for ( , ) ∈ ∩ Ω 2 , we obtain
By using (6), (7) and Theorem 2.1, i), we conclude that has a fixed point ( , ) ∈ ∩ (Ω 2 ̅̅̅̅ ∖ Ω 1 ) such By using similar arguments as those used in the proof of Theorem 3.1 (see also [5] ) we obtain the following result. 
then there exist positive constants 0 and 0 such that for every ∈ (0, 0 ), ∈ (0, 0 ) the boundary value problem (S)-(BC) has no positive solution.
In the proof of Theorem 3.3 we can show that 0 = min { with the coupled multi-point boundary conditions
Here we have ( , , ) = ( + 1)̃( ≈ 747.074.
